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(54) COMBUSTOR FINGER SEAL

(57)  Anannularfinger seal (130) includes a base por-
tion (132) defining a base edge (163) of the annular finger
seal (130) and having a center pass-through aperture
(165A). The base edge (163) may be substantially con-
tinuous. The annular finger seal (130) may also include
a finger portion (134) defining a finger edge (164) of the
annular finger seal (130) and including a plurality of fin-
gers (135). The finger edge (164) may be segmented by
gaps (136) disposed between adjacent fingers of the plu-
rality of fingers (135). A gas turbine engine (20) includes

130A

a combustor section (26), a turbine section (28), and an
annular finger seal (130). The annular finger seal (130)
includes a plurality of fingers (135) and the annular finger
seal (130) is disposed at an adjoining interface between
the combustor section (26) and the turbine section (28).
The annular finger seal (130) may be mounted to the
turbine section (28) and may engage a radially inward
facing surface, relative to the engine central longitudinal
axis (A-A’), of the combustor section (26).
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Description
FIELD
[0001] The present disclosure relates to gas turbine

engines, and more specifically, to the interface between
the combustor section and the turbine section.

BACKGROUND

[0002] A gas turbine engine typically includes a fan
section, a compressor section, a combustor section, and
a turbine section. A fan section may drive air along a
bypass flowpath while a compressor section may drive
air along a core flowpath. In general, during operation,
air is pressurized in the compressor section and is mixed
with fuel and burned in the combustor section to generate
hot combustion gases. The hot combustion gases flow
through the turbine section, which extracts energy from
the hot combustion gases to power the compressor sec-
tion and other gas turbine engine loads. The compressor
section typically includes low pressure and high pressure
compressors, and the turbine section includes low pres-
sure and high pressure turbines.

[0003] The high temperature of the combustion gases
produced in the combustor section results in thermal-
induced relative radial movement between the combus-
tor section and the turbine section. Such relative radial
movement between the combustor section and the tur-
bine section can result in unwanted leakage of hot com-
bustion gases and/or wear on associated components.

SUMMARY

[0004] In various embodiments, an annular finger seal
is disclosed herein. The annular finger seal may include
a base portion defining a base edge of the annular finger
seal and having a center pass-through aperture. The
base edge may be substantially continuous. The annular
finger seal may also include a finger portion defining a
finger edge of the annular finger seal and including a
plurality of fingers. The finger edge may be segmented
by gaps disposed between adjacent fingers of the plu-
rality of fingers.

[0005] In various embodiments, a plurality of arcuate
sections collectively form the annular finger seal, wherein
the base portion is a first base portion and the finger
portion is a first finger portion of a first arcuate section of
the plurality of arcuate sections. According to various em-
bodiments, the plurality of arcuate sections may be made
from a composite material having a first ply and a second
ply. The annular finger seal may include a second arcuate
section of the plurality of arcuate sections, wherein the
first ply and the second ply of each of the first arcuate
section and the second arcuate section may be circum-
ferentially offset relative to each other such that a first
circumferential edge of the first arcuate section shiplaps
a second circumferential edge of the second arcuate sec-
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tion. In various embodiments, the base portion includes
a second aperture. The center pass-through aperture
and the second pass-through aperture may be circum-
ferentially spaced apart and the center pass-through ap-
erture may have a radial dimension that is greater than
the second pass-through aperture. In various embodi-
ments, the center pass-through aperture may have a cir-
cumferential dimension thatis less than the second pass-
through aperture.

[0006] According to various embodiments, the gaps
may include circumferentially alternating first gaps and
second gaps, wherein the first gaps extend a first dis-
tance from the finger edge towards the base edge and
the second gaps extend a second distance, different than
the first distance, from the finger edge towards the base
edge. In various embodiments, the annular finger seal
may include a bend such that the base portion extends
in a first direction and the finger portion extends in a sec-
ond direction different than the first direction. For exam-
ple, an angle between the first direction and the second
direction may be between about 75 and 100 degrees. In
various embodiments, first gaps extend through the bend
and the second gaps terminate in the finger portion before
the bend. In various embodiments, the gaps terminate in
a keyhole formation. In various embodiments, a circum-
ferential dimension of the gaps tapers as the gaps extend
from the finger edge towards the base edge. The finger
portion may have an "s" shape.

[0007] Alsodisclosed herein, according to various em-
bodiments, is a gas turbine engine having an engine cen-
tral longitudinal axis. The gas turbine engine includes a
combustor section, a turbine section, and an annular fin-
ger seal. The annular finger seal includes a plurality of
fingers and the annular finger seal is disposed at an ad-
joining interface between the combustor section and the
turbine section. The annular finger seal may be mounted
to the turbine section and may engage a radially inward
facing surface, relative to the engine central longitudinal
axis, of the combustor section.

[0008] Invarious embodiments, the annular finger seal
may be mounted to a turbine vane of the turbine section
and may engage the radially inward facing surface of a
combustor transition duct of the combustor section. In
various embodiments, the annular finger seal may be
preloaded relative to the combustor transition duct to ac-
count for relative radial movement of the combustor tran-
sition duct such that the annular finger seal remains en-
gaged with the radially inward facing surface of the com-
bustor transition duct during relative radial movement of
the combustor transition duct. According to various em-
bodiments, the annular finger seal may be mounted to
the turbine vane via spring fasteners. In various embod-
iments, the annular finger seal may be made from a re-
siliently flexible material.

[0009] Also disclosed herein is a method of manufac-
turing a gas turbine engine having an engine central lon-
gitudinal axis. The method includes mounting a base por-
tion of an annular finger seal to a forward portion of a
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turbine vane and engaging a finger portion of the annular
finger seal with a radially inward facing surface, relative
to the engine central longitudinal axis, of an aft portion
of a combustor transition duct.

[0010] Invarious embodiments, the annular finger seal
includes a plurality of arcuate sections, wherein mounting
the base portion of the annular finger seal to the forward
portion of the turbine vane includes mounting the plurality
of arcuate sections via spring fasteners. In various em-
bodiments, engaging the finger portion of the annular fin-
ger seal with the radially inward facing surface of the
combustor transition duct includes deflecting the finger
portion of the annular finger seal into a compressed state.
[0011] The forgoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated herein otherwise. These fea-
tures and elements as well as the operation of the dis-
closed embodiments will become more apparent in light
of the following description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1 illustrates a cross-sectional view of an exem-
plary gas turbine engine, in accordance with various
embodiments;

FIG. 2 illustrates a perspective view, including a
magnified view, of an annular finger seal mounted
to a turbine section of a gas turbine engine, in ac-
cordance with various embodiments;

FIG. 3 illustrates a cross-sectional view, including a
magnified view, of an annular finger seal mounted
to a turbine section and engaging a combustor sec-
tion of a gas turbine engine, in accordance with var-
ious embodiments;

FIG. 4 illustrates a perspective view of an arcuate
section of an annular finger seal, in accordance with
various embodiments;

FIG. 5illustrates a forward view of an arcuate section
of an annular finger seal, in accordance with various
embodiments;

FIG. 6 illustrates a perspective cross-sectional view
of an arcuate section of an annular finger seal, in
accordance with various embodiments; and

FIG. 7 is a schematic flowchart diagram of a method
of manufacturing a gas turbine engine, in accord-
ance with various embodiments.

[0013] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the detailed description and
claims when considered in connection with the drawing
figures, wherein like numerals denote like elements.
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DETAILED DESCRIPTION

[0014] The detailed description of exemplary embodi-
ments herein makes reference to the accompanying
drawings, which show exemplary embodiments by way
of illustration. While these exemplary embodiments are
described in sufficient detail to enable those skilled in the
art to practice the disclosure, it should be understood that
other embodiments may be realized and that logical
changes and adaptations in design and construction may
be made in accordance with this disclosure and the
teachings herein without departing from the spirit and
scope of the disclosure. Thus, the detailed description
herein is presented for purposes of illustration only and
not of limitation.

[0015] In various embodiments, an annular finger seal
for a gas turbine engine 20 is disclosed herein. In various
embodiments and with reference to FIG. 1, a gas turbine
engine 20 is provided. Gas turbine engine 20 may be a
two-spool turbofan that generally incorporates a fan sec-
tion 22, a compressor section 24, a combustor section
26 and a turbine section 28. Alternative engines may in-
clude, for example, an augmentor section among other
systems or features. In operation, fan section 22 can drive
coolant (e.g., air) along a bypass flow-path B while com-
pressor section 24 can drive coolant along a core flow-
path C for compression and communication into com-
bustor section 26 then expansion through turbine section
28. Although depicted as a turbofan gas turbine engine
20 herein, it should be understood that the concepts de-
scribed herein are not limited to use with turbofans as
the teachings may be applied to other types of turbine
engines including three-spool architectures.

[0016] Gas turbine engine 20 may generally comprise
alow speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A-
A’relative to an engine static structure 36 or engine case
via several bearing systems 38, 38-1, and 38-2. Engine
central longitudinal axis A-A’ is oriented in the z direction
on the provided xyz axis. It should be understood that
various bearing systems 38 at various locations may al-
ternatively or additionally be provided, including for ex-
ample, bearing system 38, bearing system 38-1, and
bearing system 38-2.

[0017] Low speed spool 30 may generally comprise an
inner shaft 40 that interconnects a fan 42, alow pressure
compressor 44 and a low pressure turbine 46. Inner shaft
40 may be connected to fan 42 through a geared archi-
tecture 48 that can drive fan 42 at a lower speed than
low speed spool 30. Geared architecture 48 may com-
prise a gear assembly 60 enclosed within a gear housing
62. Gear assembly 60 couples inner shaft 40 to a rotating
fan structure. High speed spool 32 may comprise an outer
shaft 50 that interconnects a high pressure compressor
52 and high pressure turbine 54. A combustor 56 may
be located between high pressure compressor 52 and
high pressure turbine 54. A mid-turbine frame 57 of en-
gine static structure 36 may be located generally between
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high pressure turbine 54 and low pressure turbine 46.
Mid-turbine frame 57 may support one or more bearing
systems 38 in turbine section 28. Inner shaft 40 and outer
shaft 50 may be concentric and rotate via bearing sys-
tems 38 about the engine central longitudinal axis A-A’,
which is collinear with their longitudinal axes. As used
herein, a "high pressure" compressor or turbine experi-
ences a higher pressure than a corresponding "low pres-
sure" compressor or turbine.

[0018] The core airflow C may be compressed by low
pressure compressor 44 then high pressure compressor
52, mixed and burned with fuel in combustor 56, then
expanded over high pressure turbine 54 and low pres-
sure turbine 46. Turbines 46, 54 rotationally drive the
respective low speed spool 30 and high speed spool 32
in response to the expansion. As used herein, "aft" refers
to the direction associated with the tail (e.g., the back
end) of an aircraft, or generally, to the direction of exhaust
ofthe gas turbine engine. As used herein, "forward" refers
to the direction associated with the nose (e.g., the front
end) of an aircraft, or generally, to the direction of flight
or motion.

[0019] Gas turbine engine 20 may be, for example, a
high-bypass ratio geared aircraft engine. In various em-
bodiments, the bypass ratio of gas turbine engine 20 may
be greater than about six (6). In various embodiments,
the bypass ratio of gas turbine engine 20 may be greater
than ten (10). In various embodiments, geared architec-
ture 48 may be an epicyclic gear train, such as a star
gear system (sun gear in meshing engagement with a
plurality of star gears supported by a carrier and in mesh-
ing engagement with a ring gear) or other gear system.
Geared architecture 48 may have a gear reduction ratio
of greater than about 2.3 and low pressure turbine 46
may have a pressure ratio that is greater than about five
(5). In various embodiments, the bypass ratio of gas tur-
bine engine 20 is greater than about ten (10:1). In various
embodiments, the diameter of fan 42 may be significantly
larger than that of the low pressure compressor 44, and
the low pressure turbine 46 may have a pressure ratio
that is greater than about five (5:1). Low pressure turbine
46 pressure ratio may be measured prior to inlet of low
pressure turbine 46 as related to the pressure atthe outlet
of low pressure turbine 46 prior to an exhaust nozzle. It
should be understood, however, that the above param-
eters are exemplary of various embodiments of a suitable
geared architecture engine and that the present disclo-
sure contemplates other gas turbine engines including
direct drive turbofans. A gas turbine engine may com-
prise an industrial gas turbine (IGT) or a geared aircraft
engine, such as a geared turbofan, or non-geared aircraft
engine, such as a turbofan, or may comprise any gas
turbine engine as desired.

[0020] In various embodiments, and with reference to
FIG. 2-6, an annular finger seal 130 for a gas turbine
engine 20 is disclosed. As described above, the gas tur-
bine engine 20 generally includes various sections, in-
cluding a combustor section 26 and a turbine section 28.
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The annular finger seal 130, according to various em-
bodiments, is positioned at an adjoining interface be-
tween the combustor section 26 and the turbine section
28. Said differently, the annular finger seal 130 interfaces
between an aft portion of the combustor section 26 and
a forward portion of the turbine section 28. In various
embodiments, the annularfinger seal 130 may be mount-
ed to the turbine section 28 and may be directly engaged
with the combustor section. For example, in various em-
bodiments the annular finger seal 130 may be mounted
to a turbine vane 120 of the turbine section 28 and may
be directly engaged with a combustor transition duct 110
of the combustor section 26

[0021] As mentioned above, due to the operating con-
ditions of the gas turbine engine, such as the temperature
of the hot combustion gases flowing through the com-
bustor transition duct 110, radial movement of the com-
bustor transition duct 110 and/or the turbine vane 120
may occur. For example, the combustor transition duct
110 and/or the turbine vane 120 may move radially out-
ward, relative to the engine central longitudinal axis A-
A’. In various embodiments, the magnitude and/or rate
of the radial movement of the combustor transition duct
110 and the turbine vane 120 may be different; that is,
the magnitude and/or rate of the radial movement of the
combustor transition duct 110 may exceed that of the
turbine vane 120. In various embodiments, if not for the
annular finger seal 130 disclosed herein, the relative ra-
dial movement of the combustor transition duct 110 and
the turbine vane 120 may result in excessive leakage of
hot combustion gases and/or excessive wear on the as-
sociated components. Said differently, and as described
in greater detail below, the annular finger seal 130 may
prevent excessive leaking of hot combustion gases and
may prevent excessive wear on the associated compo-
nents, according to various embodiments.

[0022] The annular finger seal 130, according to vari-
ous embodiments, may be made from a plurality of ar-
cuate sections 130A, 130B that collectively form the an-
nular finger seal 130. Accordingly, while the arcuate sec-
tions 130A, 130B may be parts of a whole (i.e. the annular
finger seal 130), details and descriptions of attributes,
features, properties, characteristics, or components in-
cluded herein with reference to the annular finger seal
130 may be applicable to individual arcuate sections
130A, 130B, and vice-versa.

[0023] The annularfinger seal 130 may include a base
portion 132 and a finger portion 134 (with particular ref-
erence to FIG. 3 and 4). The base portion 132 may be
configured to be mounted to the turbine section 28, such
as the turbine vane 120 or the turbine vane foot 122. In
various embodiments, the base portion 132 may also
have a plurality of pass-through apertures 165 through
which fasteners may extend to facilitate mounting the
annular finger seal 130. In various embodiments, the
base portion 132 may have a base edge 163 that is sub-
stantially continuous. The finger portion 134 of the annu-
lar finger seal 130 may include a plurality of fingers 135.
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Gaps 136 in the finger portion 134 of the annular finger
seal 130 may distinguish and partially separate adjacent
fingers 135 from each other. Accordingly, in various em-
bodiments, the finger portion 134 has a finger edge 164
that is segmented.

[0024] Invarious embodiments, the annular finger seal
130 may have a two-ply composite structure. For exam-
ple, the annular finger seal 130 may be made from a first
ply 161 and a second ply 162. In various embodiments,
the annular finger seal 130, and thus the first and second
plies 161, 162, may be made from a nickel based alloy
and/or a cobalt based alloy, among others. For example,
the annular finger seal 130 may be made from a high
performance nickel-based super alloy (e.g., an alloy that
comprises, by wt%, 58% nickel, 19% chromium, 13%
cobalt, 4% molybdenum, 3% titanium and 1.4% alumi-
num that is available under the trade name Waspaloy™,
available from Special Metals Corporation of New Hart-
ford, New York, USA). In various embodiments, the an-
nular finger seal 130 may be made from a cobalt-nickel-
chromium-tungsten alloy. In various embodiments, the
material of the annular finger seal 130 may provide me-
chanical wear resistance, may be lubricious, and/or may
be resistant to corrosion. In various embodiments, the
annular finger seal 130 may include one or more surface
coatings. Invarious embodiments, the annular finger seal
130 may include more than two layers/plies. For exam-
ple, the annular finger seal 130 may have a third ply or
foil disposed between the first and second plies. The third
ply may help to prevent fluid leakage between the fingers
135, according to various embodiments.

[0025] In various embodiments, and with reference to
FIG. 6, the base edge 163 and the finger edge 164 may
have arolled-over configuration 166. Said differently, one
of the two plies 161, 162 may wrap around and close the
edge of the other ply. For example, in various embodi-
ments, the first ply 161 may wrap around the terminating
edge of the second ply 162 to form the finger edge 164
and the second ply 162 may wrap around the terminating
edge of the first ply 161 to form the base edge 163.
[0026] Invarious embodiments, the annular finger seal
130 may be resiliently flexible to enable the annular finger
seal 130 to be preloaded and installed in the gas turbine
engine 20. That s, the fingers 135 may be resiliently de-
flectable and thus may operably deflect to account for
the relative radial movement of the combustor transition
duct 110 and the turbine vane 120. Said differently, and
in accordance with various embodiments, the annular
finger seal 130 may be installed in the gas turbine engine
20 such that the fingers 135 are in a partially compressed
state while the gas turbine engine 20 is not in operation.
In accordance with various embodiments, during opera-
tion of the gas turbine engine 20, the temperature of the
hot combustion gases may cause the combustor transi-
tion duct 110 to move radially outward faster and/or to a
greater extent relative to the turbine vane 120. Because
of the resilient flexibility of the fingers 135 of the annular
finger seal 130, the fingers 135 may deflect with the com-
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bustor transition duct 110 and thus may maintain suffi-
cient engagement with a radially inward facing surface
112 of the combustor transition duct 110 (FIG. 3), thereby
preventing excess leakage of hot combustion gases and
preventing wear to the associated components. In other
words, the compliance of the annular finger seal 130 is
such that, during operation of the gas turbine engine 20,
the annular finger seal 130 accommodates thermal and
centrifugal relative movement of the combustor transition
duct 110 and the turbine vane 120.

[0027] In various embodiments, the gaps 136 in the
finger portion 134 of annular finger seal 130 may have
different lengths. For example, the gaps 136 may include
circumferentially alternating first and second gaps 137,
138 that extend first and second distances from the finger
edge 164, respectively. In various embodiments, the an-
nular finger seal 130 may have a bend 139 such that the
finger portion 134 and the base portion 132 extend in
substantially non-parallel directions. For example, the
base portion 132 may extend substantially radially, rela-
tive to the engine central longitudinal axis, and the finger
portion 134 may extend in a forward direction. In various
embodiments, an angle between the extension direction
of the base portion 132 and the extension direction of the
finger portion 134 may be between about 75 degrees and
100 degrees, wherein the term "about" in this context is
plus or minus 5 degrees.

[0028] In various embodiments, the first gaps 137, for
example, may extend from the finger edge 164, through
the bend 139, and may terminate in the base portion 132
and the second gaps 138 may terminate in the finger
portion 134. The alternating length of the gaps may tend
to prevent liberation of the fingers 135. In various em-
bodiments, the gaps 136 terminate in a keyhole formation
169 (FIG. 5). In various embodiments, a circumferential
dimension of the gaps 136 tapers as the gaps 136 extend
from the finger edge 164 towards the base edge 163. In
various embodiments, the finger portion 134 may have
various bends to form an "S" shape. The shape of the
finger portion 134 of the annular finger seal 130 may con-
formto aradially inward facing surface 112 the combustor
transition duct 110 and/or may otherwise augment the
ability of the annular finger seal 130 to remain engaged
with the radially inward facing surface 112 despite the
relative radial movement of the combustor transition duct
110 and the turbine vane 120.

[0029] In various embodiments, and with reference to
FIG. 2 and 4, opposing circumferential edges of the ar-
cuate sections 130A, 130B may have a shiplap 131 con-
figuration with adjacent arcuate sections. That is, adja-
cent arcuate sections may engage each other at respec-
tive circumferential edges by partially overlapping each
other. In various embodiments, the first and second plies
161, 162 may be circumferentially offset relative to each
other to form the shiplap configuration 131. In various
embodiments, adjacent arcuate sections 130A, 130B
may not be mechanically attached together but instead
may partially overlap each other in the shiplap configu-
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ration 131, thereby preventing excess leakage of com-
bustion gases while contributing to the accommodation
of radial expansion of the annular finger seal 130. Said
differently, in accordance with various embodiments, in
addition to the compliant nature of the fingers 135, which
accommodates relative radial movement of the combus-
tor transition duct 110 and the turbine vane 120, the ship-
lap configuration 131 between adjacent arcuate sections
130A, 130B also may facilitate accommodation of relative
radial movement of the combustor transition duct 110
and the turbine vane 120 by allowing the circumference
ofthe base portion 132 to change accordingto the relative
radial movement of the combustor transition duct 110
and the turbine vane 120.

[0030] In various embodiments, the compliance of the
annular finger seal 130 may further be augmented via
the means of mounting the base portion 132 of the an-
nular finger seal 130 to the turbine vane 120. As men-
tioned above, and in accordance with various embodi-
ments, the base portion 132 of the annular finger seal
130 may include a plurality of pass-through apertures
165. In various embodiments, spring fasteners 140 may
extend through the pass-through apertures 165 to at-
tached the annular finger seal 130 to the turbine vane
120. The spring fasteners 140 may include a bolt 141
and a spring feature 142 disposed between a head of
the bolt 141 and a surface 143 of the turbine vane 120.
Because of the non-rigid mounting configuration of the
spring fasteners 140, the annular finger seal 130 may be
non-rigidly attached to the turbine vane 120 and thus may
allow a degree of relative movement between the annular
finger seal 130 and the turbine vane 120 to which it is
mounted.

[0031] In various embodiments, and with reference to
FIG. 4 and 5, the pass-through apertures 165 may be
circumferentially spaced apart such that a center pass-
through aperture 165A extends through the base portion
132 of the arcuate section 130A substantially at a mid-
line between opposing circumferential edges of the ar-
cuate section 130A. The center pass-through aperture
165A, according to various embodiments, may have a
radial dimension 168 thatis greater than radial dimension
of the other pass-through apertures 165B. For example,
the center pass-through aperture 165A may be compar-
atively more elongated in the radial direction and thus
may have a racetrack, obround, or egg-like shape. In
such a configuration, the spring fastener 140 can move
radially within the center pass-through aperture 165A,
thereby augmenting the ability of the annular finger seal
130 to radially move in order to accommodate relative
radial movement of the combustor transition duct 110
and the turbine vane 120. In various embodiments, the
center pass-through aperture 165A may have a circum-
ferential dimension 167 that is less than the other pass-
through apertures 165B of the first arcuate section 130A,
thereby enabling a substantially tight fit between the
spring fastener 140 and the center pass-through aperture
165A and thus preventing circumferential movement of
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the arcuate section 130A. Such a configuration may en-
sure adjacent arcuate sections 130A, 130B remain prop-
erly aligned and circumferentially distributed during the
relative movement of the associated components, there-
by preventing formation of a gap between adjacent ar-
cuate sections 130A, 130B that is too wide for the shiplap
configuration 131.

[0032] FIG. 7 is a schematic flowchart diagram of a
method 790 of manufacturing a gas turbine engine, in
accordance with various embodiments. The method 790
may include mounting the base portion 132 of the annular
finger seal 130 to the turbine vane 120 at step 792 and
engaging the finger portion 134 of the annular finger seal
130 with the radially inward facing surface 112, relative
to the engine central longitudinal axis A-A’, of the com-
bustor transition duct 110 at step 794. In various embod-
iments, mounting the base portion 132 of the annular
finger seal 130 at step 792 may include mounting the
plurality of arcuate sections 130A, 130B via spring fas-
teners. In various embodiments, engaging the finger por-
tion 134 ofthe annular finger seal 130 at step 794 includes
deflecting the finger portion of the annular finger seal into
a compressed state. Said differently, the annular finger
seal 130 may be preloaded such that the fingers 135 of
the annular finger seal 130 remain in contact with the
combustor transition duct 110.

[0033] As used herein, "aft" refers to the direction as-
sociated with the exhaust (e.g., the back end) of a gas
turbine engine. As used herein, "forward" refers to the
direction associated with the intake (e.g., the front end)
of a gas turbine engine.

[0034] A first component that is "axially outward" of a
second component means that a first component is po-
sitioned ata greater distance in the aft or forward direction
away from the longitudinal center of the gas turbine along
the longitudinal axis of the gas turbine, than the second
component. A first component that is "axially inward" of
a second component means that the first component is
positioned closer to the longitudinal center of the gas
turbine along the longitudinal axis of the gas turbine, than
the second component.

[0035] A first component that is "radially outward" of a
second component means that the first component is po-
sitioned at a greater distance away from the engine cen-
tral longitudinal axis than the second component. A first
component that is "radially inward" of a second compo-
nent means that the first component is positioned closer
to the engine central longitudinal axis than the second
component. In the case of components that rotate cir-
cumferentially about the engine central longitudinal axis,
afirst component that is radially inward of a second com-
ponent rotates through a circumferentially shorter path
than the second component. The terminology "radially
outward" and "radially inward" may also be used relative
to references other than the engine central longitudinal
axis. For example, a first component of a combustor that
is radially inward or radially outward of a second compo-
nent of a combustor is positioned relative to the central
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longitudinal axis of the combustor.

[0036] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed to represent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
present in a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure.

[0037] The scope of the disclosure is accordingly to be
limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." It is to be understood
that unless specifically stated otherwise, references to
"a," "an," and/or "the" may include one or more than one
and that reference to an item in the singular may also
include the item in the plural. All ranges and ratio limits
disclosed herein may be combined.

[0038] Moreover, where a phrase similar to "at least
one of A, B, or C"is used in the claims, it is intended that
the phrase be interpreted to mean that A alone may be
present in an embodiment, B alone may be presentin an
embodiment, C alone may be presentin an embodiment,
or that any combination of the elements A, B and C may
be present in a single embodiment; for example, A and
B, Aand C, B and C, or A and B and C. Different cross-
hatching is used throughout the figures to denote differ-
ent parts but not necessarily to denote the same or dif-
ferent materials.

[0039] The steps recited in any of the method or proc-
ess descriptions may be executed in any order and are
not necessarily limited to the order presented. Further-
more, any reference to singular includes plural embodi-
ments, and any reference to more than one component
or step may include a singular embodiment or step. El-
ements and steps in the figures are illustrated for sim-
plicity and clarity and have not necessarily been rendered
according to any particular sequence. For example, steps
that may be performed concurrently or in different order
are illustrated in the figures to help to improve under-
standing of embodiments of the present disclosure.
[0040] Any reference to attached, fixed, connected or
the like may include permanent, removable, temporary,
partial, full and/or any other possible attachment option.
Additionally, any reference to without contact (or similar
phrases) may also include reduced contact or minimal
contact. Surface shading lines may be used throughout
the figures to denote different parts or areas but not nec-
essarily to denote the same or different materials. In
some cases, reference coordinates may be specific to
each figure.
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[0041] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"one embodiment", "an embodiment", "various embodi-
ments", etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature, struc-
ture, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.

[0042] Furthermore, no element, component, or meth-
od step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. No claim element is intended to invoke 35 U.S.C.
112(f) unless the element is expressly recited using the
phrase "means for." As used herein, the terms "compris-
es", "comprising", or any other variation thereof, are in-
tended to cover a non-exclusive inclusion, such that a
process, method, article, or apparatus that comprises a
list of elements does notinclude only those elements but
may include other elements not expressly listed or inher-
ent to such process, method, article, or apparatus.

Claims
1. An annular finger seal (130) comprising:

a base portion (132) defining a base edge (163)
of the annular finger seal (130) and comprising
a center pass-through aperture (165A), wherein
the base edge (163) is substantially continuous;
and

a finger portion (134) defining a finger edge
(164) of the annular finger seal (130) and com-
prising a plurality of fingers (135), wherein the
finger edge (164) is segmented by gaps (136)
disposed between adjacent fingers of the plu-
rality of fingers (135).

2. The annular finger seal (130) of claim 1, wherein a
plurality of arcuate sections (130A, 130B) collective-
ly form the annular finger seal (130), wherein the
base portion (132) is a first base portion (132) and
the finger portion (134) is a first finger portion of a
first arcuate section of the plurality of arcuate sec-
tions (130A, 130B).

3. The annular finger seal (130) of claim 2, wherein the
plurality of arcuate sections (130A, 130B) are made
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from a composite material having a first ply (161)
and a second ply (162).

The annular finger seal (130) of claim 3, further com-
prising a second arcuate section of the plurality of
arcuate sections (130A, 130B), wherein the first ply
(161) and the second ply (162) of each of the first
arcuate section and the second arcuate section are
circumferentially offset relative to each other such
that a first circumferential edge of the first arcuate
section shiplaps a second circumferential edge of
the second arcuate section.

The annular finger seal (130) of claim 2, 3 or 4,
wherein the base portion (132) comprises a second
aperture (165B), wherein the center pass-through
aperture (165A) and the second pass-through aper-
ture (165B) are circumferentially spaced apart,
wherein the center pass-through aperture (165A)
has aradial dimension thatis greaterthan the second
pass-through aperture (165B),

wherein optionally the center pass-through aperture
(165A) has a circumferential dimension that is less
than the second pass-through aperture (165B).

The annular finger seal (130) of any preceding claim,
wherein the gaps (136) comprise circumferentially
alternating first gaps and second gaps, wherein the
first gaps extend a first distance from the finger edge
(164) towards the base edge (163) and the second
gaps extend a second distance, different than the
first distance, from the finger edge (164) towards the
base edge (163),

wherein optionally the annular finger seal (130) com-
prises a bend (139) such that the base portion (132)
extends in afirstdirection and the finger portion (134)
extends in a second direction different than the first
direction, wherein an angle between the first direc-
tion and the second direction is between about 75
and 100 degrees,

wherein optionally the first gaps extend through the
bend (139) and the second gaps terminate in the
finger portion (134) before the bend (139).

The annular finger seal (130) of any preceding claim,
wherein the gaps (136) terminate in a keyhole for-
mation.

The annular finger seal (130) of any preceding claim,
wherein a circumferential dimension of the gaps
(136) tapers as the gaps (136) extend from the finger
edge (164) towards the base edge (163).

The annular finger seal (130) of any preceding claim,
wherein the finger portion (134) comprises an "s"
shape.

10. A gas turbine engine (20) having an engine central
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1.

12.

13.

14.

15.

longitudinal axis (A-A’), the gas turbine engine (20)
comprising:

a combustor section (26);

a turbine section (28); and

an annular finger seal (130) comprising a plu-
rality of fingers (135), wherein the annular finger
seal (130) is disposed at an adjoining interface
between the combustor section (26) and the tur-
bine section (28), wherein the annularfinger seal
(130) is mounted to the turbine section (28) and
engages a radially inward facing surface, rela-
tive to the engine central longitudinal axis (A-A’),
of the combustor section (26).

The gas turbine engine (20) of claim 10, wherein the
annularfinger seal (130) is mounted to a turbine vane
(120) of the turbine section (28) and engages the
radially inward facing surface of a combustor transi-
tion duct (110) of the combustor section (26),
wherein optionally the annular finger seal (130) is
preloaded relative to the combustor transition duct
(110) to account for relative radial movement of the
combustor transition duct (110) such that the annular
finger seal (130) remains engaged with the radially
inward facing surface of the combustor transition
duct (110) during relative radial movement of the
combustor transition duct (110), or

wherein optionally the annular finger seal (130) is
mounted to the turbine vane (120) via spring fasten-
ers.

The gas turbine engine (20) of claim 10 or 11, where-
in the annular finger seal (130) is made from a resil-
iently flexible material.

A method of manufacturing a gas turbine engine (20)
having an engine central longitudinal axis (A-A’), the
method comprising:

mounting a base portion (132) of an annular fin-
ger seal (130) to a forward portion of a turbine
vane (120); and

engaging a finger portion (134) of the annular
finger seal (130) with a radially inward facing
surface, relative to the engine central longitudi-
nal axis (A-A’), of an aft portion of a combustor
transition duct (110).

The method of claim 13, wherein the annular finger
seal (130) comprises a plurality of arcuate sections
(130A, 130B), wherein mounting the base portion
(132) of the annular finger seal (130) to the forward
portion of the turbine vane (120) comprises mounting
the plurality of arcuate sections (130A, 130B) via
spring fasteners.

The method of claim 13 or 14, wherein engaging the
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finger portion (134) of the annular finger seal (130)
with the radially inward facing surface of the com-
bustor transition duct (110) comprises deflecting the
finger portion (134) of the annular finger seal (130)
into a compressed state.
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